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Abstract 29 
Background: Chronic kidney disease is common and brings significant health 30 
burden. This study was to investigate the relationship between physical activity and 31 
kidney function. 32 
Methods: This was a cross-sectional study set in the Nanjing Community 33 
Cardiovascular Risk Survey, using random cluster sampling. Questionnaires were 34 
completed, wherever possible, through face-to-face interviews. Age, sex, BMI, 35 
weekly physical activity and kidney function were collected. Physical activity was 36 
measured by the metabolic equivalent of task × minutes per week, and grouped into 37 
“walking”, “moderate” and “vigorous” according to intensity. Kidney function was 38 
measured by the estimated glomerular filtration rate (eGFR, mL/min/1.73 m²). 39 
Regression modelling was used to investigate the proposed relationship with 40 
adjustment for other confounding factors. 41 
Results: 5,824 participants included, with an average age of 52 years. 44% were 42 
males. The eGFR in average was 76, with 19%≥90, 67% between 60-89, and 43 
14%<60. In average the total physical activity during a week was 3,644. Moderate 44 
activity contributed 64% of the total activity, followed by walking (23%) and vigorous 45 
activity (13%). Overall, the total activity was weakly associated with eGFR (p=0.039). 46 
However, in stratified analysis, only walking-related activity was associated with 47 
eGFR (p<0.0001), after confounding adjustment. 48 
Conclusions: Walking is associated with improved kidney function.  49 
 50 
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Introduction 51 
Chronic kidney disease (CKD) is one of the major health burdens worldwide,1 with 52 
an estimated prevalence more than 10% in the general population.2-6 It is the 53 
progressive deterioration of ability of kidney to remove fluid and nitrogenous waste 54 
from the body over a period of months or years. Hypertension and diabetes are the 55 
most common risk factors of CKD,7 and moderate to severe CKD is associated with 56 
higher risks of cardiovascular disease (CVD), and CVD-related and all-cause 57 
mortality.8-10 CKD may lead to renal failure (end-stage renal disease), the complete 58 
loss of kidney function. When it happens, dialysis or transplant is the only option for 59 
those patients.  60 
 61 
In order to reduce the disease burden, it is essential to identify modifiable and 62 
promotable factors which may help to prevent CKD or the progression of disease. 63 
Physical activity has shown to be effective in prevention of certain conditions 64 
including hypertension and diabetes.11,12 However, only a few studies have 65 
investigated the relationship between physical activity and CKD or kidney function in 66 
the general population, with contradictory findings.13-15 Physical activity can be 67 
divided into various types according to intensity (e.g. low, moderate, vigorous). 68 
Whether all physical activity or only a certain subtype plays a role in association with 69 
kidney function is unclear. 70 
 71 
The purpose of this study was to investigate whether physical activity was 72 
associated with kidney function in a health survey of general adult population. The 73 
analysis was further stratified by type of physical activity according to intensity.  74 
 75 
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Materials and Methods 76 
Population 77 
The Nanjing Community Cardiovascular Risk Survey was carried out, using random 78 
cluster sampling, between 2011and 2013 among the residents of 6 communities in 79 
Nanjing, Jiangsu Province, China (population 0.7 million-1.3 million). In each 80 
community, one street district or township was randomly selected. All households 81 
(n=6,445) in the selected street or town were included with only one participant aged 82 
≥ 20 years selected from each household, without replacement. Overall, 5,824 83 
residents completed the survey and examination (with a response rate of 90%).  84 
Questionnaires were completed, wherever possible, through face-to-face interviews 85 
by trained research staff. Questions included age, sex, and physical activities. Body 86 
measurements including body height and weight were taken three times using a 87 
standardized methodology and the mean of the two closest recordings was used. 88 
Body mass index (BMI) was calculated based on the obtained body height and 89 
weight using kg/m2. Fasting blood specimens were processed at the examination 90 
centre. Creatinine levels were measured by Olympus AU600 automated analyser 91 
according to manufacturer's instructions (Olympus Optical, Tokyo, Japan).  92 
 93 
Physical activity 94 
Physical activity during a (usual) week (last week including weekdays and weekends) 95 
was collected by the long form International Physical Activity Questionnaire (IPAQ),16 96 
and was calculated as a sum of occupation, transportation, housework and 97 
recreational activity reported in metabolic equivalents of task (MET) × minutes per 98 
week. Physical activity with a period less than 10 minutes was not included as per 99 
the IPAQ guidelines.16 MET is a physiological measure expressing the energy cost 100 
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of physical activities and is defined as the ratio of metabolic rate (and therefore the 101 
rate of energy consumption) during a specific physical activity to a reference 102 
metabolic rate.17 Physical activity in specific settings was summarised into groups 103 
based on the intensity of activity (Table 1). Stratified physical activity scores, 104 
including “walking”, “moderate” and “vigorous”, were obtained. In descriptive 105 
statistics, the total and intensity-stratified physical activity was categorised into “none” 106 
(0 MET × minutes per week), “not meeting” (1 - 599) or “meeting” (≥ 600) the current 107 
WHO physical activity guideline for people aged 18 – 64 years old.18 600 MET × 108 
minutes per week, equivalent to 150 minutes per week of moderate activity, was the 109 
lower limit for the recommended volume of physical activity.18,19 110 
 111 
Measure of kidney function 112 
Glomerular filtration rate is a measure of ability of kidney to clear plasma of 113 
nitrogenous wastes over a specific amount of time. At present, it was regarded as 114 
the best way to exam kidney function. The estimated glomerular filtration rate (eGFR, 115 
in mL/min/1.73 m²) was calculated from serum creatinine using the Chronic Kidney 116 
Disease Epidemiology Collaboration (CKD-EPI) equation.20 117 
 118 
Comorbidity 119 
Type 2 diabetes and hypertension were the common risk factors of CKD. Plasma 120 
glucose was measured by the Olympus automated analyser. Type 2 diabetes was 121 
defined using the WHO criteria or by self-reported if previously diagnosed.21 The 122 
blood pressure was taken three times using a standardized methodology and the 123 
mean of the two closest recordings was used.22 Hypertension was recorded based 124 
on the WHO criteria or by self-reported if previously diagnosed.23 125 
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 126 
Statistical analysis 127 
The demographic, physical activity and kidney function characteristics of the 128 
participants at the survey were first described. Using continuous variable, robust 129 
linear regression modelling was applied to assess the effect of physical activity (total 130 
and stratified by different intensity, measured by MET × minutes per week) on kidney 131 
function (measured by eGFR in mL/min/1.73 m²), with adjustment for age, sex BMI, 132 
type 2 diabetes and hypertension. Robust regression is designed to reduce the effect 133 
by possible violation of assumption in linear regression models. Furthermore, to 134 
investigate the association of walking as a usual activity (walking MET × minutes per 135 
week > 0 vs. 0) with healthy kidney function (eGFR ≥ 90 vs. < 90), relevant 136 
measurements were grouped into binary variables. Logistic regression modelling 137 
then was used to analyse the effect of association, reported by odds ratio.  138 
A sensitivity analysis which excluded participants whose eGFR < 60 was carried out. 139 
All statistical analysis was performed using STATA 12.  140 
 141 
Approval and consent 142 
This study was approved by the Institutional Review Board of Jiangsu Province 143 
Hospital on Integration of Chinese and Western Medicine (11–006). Signed, 144 
informed consent was obtained from all participants in the survey. 145 
 146 
Results: 147 
A total of 5,824 participants were included, with an average age of 52 years. 56% 148 
were females. Average body weight, height and BMI were 63 kg, 1.6 m and 24 kg/m2, 149 
respectively (Table 2). The average eGFR among the participants was 76 150 
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mL/min/1.73 m², with 19% ≥ 90, 67% between 60 and 89, and 14% < 60 (Table 2). In 151 
average, the total physical activity during a week was 3,644 MET × minutes per 152 
week in the survey population (Table 2). Moderate activity contributed 64% of the 153 
total physical activity, followed by walking (23%) and vigorous activity (13%). 80% of 154 
the survey population reached the lower limit of the WHO’s weekly recommendation 155 
on total physical activity (Table 3).  156 
 157 
The total physical activity was weakly associated with eGFR (p = 0.039; see Table 4 158 
model 1). However, in stratified analysis, only walking-related activity was associated 159 
with eGFR (p < 0.0001; see Table 4 model 2). In a linear regression model 160 
containing walking, moderate and vigorous activities together as independent 161 
variables and eGFR as dependent variable, the association of walking-related 162 
activity and eGFR remained (p < 0.0001, see Table 5). Logistic regression analysis 163 
showed that walking was associated with healthy kidney function with an OR of 2.23 164 
(95% CI 1.91, 2.60), after adjustment for age, sex, BMI, type 2 diabetes and 165 
hypertension (Table 6). 166 
 167 
Sensitivity analysis only showed similar results (data not shown). 168 
 169 
Discussion: 170 
In this large population survey, weekly physical activity (quantified by MET × minutes 171 
per week) of residents from urban communities in China was described. The kidney 172 
function in such participants estimated by eGFR was also determined. Only about 1 173 
in 5 of the survey population had an eGFR ≥ 90 mL/min/1.73 m² considered as 174 
healthy kidney function, whereas there was 14% who showed clear evidence of 175 
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reduced function in kidney (eGFR < 60). Benefit to the random sampling of survey 176 
and the high response rate, this estimate of kidney function may be representative to 177 
the urban residents in Nanjing (a large modern city in east China) if not to all the city 178 
populations across the country. Our data reflects the potential burden of kidney 179 
disease in China, and it should be raised as a public concern.  180 
 181 
There is a disagreement in the literature as to whether higher physical activity is 182 
associated with better kidney function. In patients with CKD, higher physical activity 183 
level was associated with slower rate of eGFR loss,24 whereas physical inactivity 184 
was associated with increased mortality.14 However, the picture is not clear in the 185 
population without established kidney disease. In a study using the National Health 186 
and Nutrition Examination Survey data, it was shown that increased total and light 187 
physical activities were associated with improved kidney function (measured by 188 
eGFR), while moderate-vigorous physical activity was not significantly associated 189 
after adjustment for other confounding factors.13 It is in line with our results showing 190 
that the increased total physical activity overall was associated with improved kidney 191 
function, but the actual positive effect was from walking-related activity. For the 192 
moderate and vigorous-related activity, although not significant the effect showed 193 
negative direction i.e. higher moderate/vigorous activity was related to reduced 194 
kidney function. In contrast, a recent longitudinal study demonstrated there was no 195 
association of physical activity with kidney function in participants aged 26 to 65 196 
years from the Doetinchem Cohort study.15 It has a better study design as it 197 
investigated the relationship between 5-year changes in physical activity and eGFR 198 
using time-lagged generalized estimating equation analysis. However, the study only 199 
reported the total activity while did not analyse the effects of subsets of physical 200 
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activity according to intensity. In our study, the association of total physical activity 201 
with kidney function was only weak. Several studies showed that sedentary 202 
behaviour was associated with reduced renal function in different types of 203 
population.13,25,26 However, we didn’t investigate this relationship in the current study. 204 
 205 
This study was firstly limited by its cross-sectional design, so no formal attempt with 206 
regard to causality would be discussed. However, our observation that higher 207 
moderate/vigorous physical activity was related to reduced kidney function 208 
(insignificant finding) implied the association of more walking with improved kidney 209 
function may be not due to the assumption that people with reduced kidney function 210 
tended to walk less.  A sensitivity analysis which excluded participants with obviously 211 
reduced kidney function generated the same results. Secondly, data from 212 
questionnaire (self-reported records) can be biased due to many reasons such as 213 
response bias. However, thanks to the high response rate, such systematic error 214 
was not likely to be large. Although the study population was carefully selected using 215 
random cluster sampling and the survey tool was validated, the generalizability of 216 
study results has yet to be supported. 217 
 218 
Walking is the most common aerobic activity, and it has been associated with 219 
reduced risk of many diseases such as heart disease, type 2 diabetes and asthma. 220 
However, it is one of many light physical activities, and the survey did not investigate 221 
other light activities. Aerobic activity, rather than anaerobic activity, may be 222 
associated with better kidney function and may explain the mechanism behind the 223 
current findings. Other limitations included that the data distribution of primary 224 
independent variable (i.e. physical activity in MET × minutes per week) was not 225 
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optimal. To address this, we used robust regression modelling to reduce the effect 226 
by possible violation of assumption in linear regression models and used logistic 227 
regression modelling to estimate the relationship between walking as a usual activity 228 
and healthy kidney function.  229 
 230 
In consolation, our study for the first time has shown that walking, but not other 231 
physical activity at a higher intensity, is associated with improved kidney function. 232 
Regular walking can be promoted and performed easily, a low cost strategy in 233 
maintaining kidney health as well as other benefits.  234 
 235 
Acknowledgments 236 
Contributors: Z Zhao, D Yu, T Chen, Y Chen and Y Cai conceived the current 237 
analysis. R Qin and Z Jiang conceived the survey study. All authors contributed to 238 
the development of study. Y Chen and D Yu managed and analysed the data, and 239 
takes responsibility for the integrity of the data and the accuracy of the data analysis. 240 
Y Chen, T Chen and D Yu drafted the initial manuscript, and all authors contributed 241 
to the interpretation of the data and approved the final version of the manuscript 242 
submitted for publication. D Yu, Y Chen and T Chen contributed equally to this paper. 243 
Declaration of interests: None. 244 
The authors would like to thank the staffs and participants in the Nanjing Community 245 
Cardiovascular Risk Survey. 246 
 247 
Funding source: None. 248 
 249 
 250 
                                                                                Ambulation and renal function 
11 
 
Reference: 251 
1. Levey AS, Atkins R, Coresh J, Cohen EP, Collins AJ, Eckardt KU, Nahas ME, 252 
Jaber BL, Jadoul M, Levin A, Powe NR, Possert J, Wheeler DC, Lameire N, 253 
Eknoyan G. Chronic kidney disease as a global public health problem: approaches 254 
and initiatives—a position statement from Kidney Disease Improving Global 255 
Outcomes. Kidney international. 2007; 72: 247–259. 256 
2. Hsu RK, Powe NR. Recent trends in the prevalence of chronic kidney disease: not 257 
the same old song. Curr Opin Nephrol Hypertens. 2017; 26: 187-196. 258 
3. Coresh J, Selvin E, Stevens LA, Manzi J, Kusek JW, Eggers P, Van Lente F, 259 
Levey AS. Prevalence of chronic kidney disease in the United Status. JAMA. 2007; 260 
298: 2038-2047. 261 
4. Hallan SI, Coresh J, Astor BC, Asberg A, Powe NR, Romundstad S, Hallan HA, 262 
Lydersen S, Holmen J. International comparison of the relationship of chronic kidney 263 
disease prevalence and ESRD risk. JASN. 2006; 17: 2275-2284. 264 
5. Wen CP, Cheng TY, Tsai MK, Chang YC, Chan HT, Tsai SP, Chiang PH, Hsu CC, 265 
Sung PK, Hsu YH, Wen SF. All-cause mortality attributable to chronic kidney disease: 266 
a prospective cohort study based on 462293 adults in Taiwan. Lancet. 2008; 371: 267 
2173-2182. 268 
6. Shan Y, Zhang Q, Liu Z, Hu X, Liu D. Prevalence and risk factors associated with 269 
chronic kidney disease n adults over 40 years: a population study from Central China. 270 
Nephrology (Carlton). 2010; 15: 354-361. 271 
7. US Renal Data Systems. USRDS 2009 annual data report: atlas of chronic kidney 272 
disease and end-stage renal disease in the United States. Bethesda (MD): National 273 
Institutes of Health, National Institute of Diabetes and Digestive and Kidney Disease; 274 
2009. pp. 731-755. 275 
                                                                                Ambulation and renal function 
12 
 
8. Chrysohoou C, Panagiotakos DB, Pitsavos C, Skoumas J, Toutouza M, 276 
Papaioannou I, Stefanadis C. Renal function, cardiovascular disease risk factors’ 277 
prevalence and 5-year disease incidence; the role of diet, exercise, lipids and 278 
inflammation markers: the ATTICA study. QJM. 2010; 103: 413-422. 279 
9. Matsushita K, Selvin E, Bash LD, Franceschini M, Astor BC, Coresh J. Change in 280 
estimated GFR associates with coronary heart disease and mortality. J Am Soc 281 
Nephrol. 2009; 20: 2617-2624. 282 
10. Tonelli M, Wiebe N, Culleton B, House A, Rabbat C, Fok M, McAlister F, Garg 283 
AX. Cohronic kidney disease and mortality risk: a systemic review. J Am Soc 284 
Nephrol. 2006; 17: 2034-2047. 285 
11. Albright A, Franz M, Hornsby G, Kriska A, Marrero D, Ullrich I, Verity LS. 286 
American College of Sports Medicine position stand: Exercise and type 2 diabetes. 287 
Med Sci Sports Exerc. 2000: 32: 1345-1360. 288 
12. Pescatello LS, Franklin BA, Fagard R, Farquhar WB, Kelley GA, Ray CA. 289 
American College of Sports Medicine position stand: Exercise and hypertension. 290 
Med Sci Sports Exerc. 2004; 36: 533-553. 291 
13. Hawkins MS, Sevick MA, Richardson CR, Fried LF, Arena VC, Kriska AM. 292 
Association between physical activity and kidney function: national health and 293 
nutrition examination survey. Med Sci Sports Exerc. 2011; 43: 1457-1464. 294 
14. Beddhu S, Baird BC, Zitterkoph J, Neilson J, Greene T. Physical activity and 295 
mortality in chronic kidney disease (NHANES III). Clin J Am Soc Nephrol. 2009; 4: 296 
1901-1906. 297 
15. Herber-Gast GC, Hulsegge G, Hartman L, Verschuren WM, Stehouwer CD, 298 
Gansevoort RT, Bakker SJ, Spijkerman AM. Physical activity is not associated with 299 
estimated glomerular filtration rate among young and middle-aged adults: results 300 
                                                                                Ambulation and renal function 
13 
 
from the population-based longitudinal Doetinchem study. PLoS One. 2015; 10: 301 
e0133864. 302 
16. Craig CL, Marshall AL, Sjöström M, Bauman AE, Booth ML, Ainsworth BE, Pratt 303 
M, Ekelund U, Yngve A, Sallis JF, Oja P. International physical activity 304 
questionnaire: 12-country reliability and validity. Med Sci Sports Exerc. 2003; 35: 305 
1381-9135. 306 
17. Jetté M, Sidney K, Blümchen G. Metabolic equivalents (METS) in exercise 307 
testing, exercise prescription, and evaluation of functional capacity. Clin Cardiol. 308 
1990; 13: 555-565. 309 
18. Global Recommendations on Physical Activity for Health. Geneva: 310 
World Health Organization; 2010. 311 
19. Lear SA, Hu W, Rangarajan S, Gasevic D, Leong D, Iqbal R, Casanova A, 312 
Swaminathan S, Anjana RM, Kumar R, Rosengren A, Wei L, Yang W, Chuangshi W, 313 
Huaxing L, Nair S, Diaz R, Swidon H, Gupta R, Mohammadifard N, Lopez-Jaramillo 314 
P, Oguz A, Zatonska K, Seron P, Avezum A, Poirier P, Teo K, Yusuf S. 315 
The effect of physical activity on mortality and cardiovascular disease in 130 000 316 
people from 17 high-income, middle-income, and low-income countries: the PURE 317 
study. Lancet 2017, in press. 318 
20. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, Feldman HI, 319 
Kusek JW, Eggers P, Van Lente F, Greene T, Coresh J; CKD-EPI (Chronic Kidney 320 
Disease Epidemiology Collaboration). A new equation to estimate glomerular 321 
filtration rate. Ann Intern Med. 2009; 150: 604-612. 322 
21. Yu D, Simmons D. Association between lung capacity measurements and 323 
abnormal glucose metabolism: findings from the Crossroads study. Diabet Med. 324 
2014; 31: 595-599. 325 
                                                                                Ambulation and renal function 
14 
 
22. Yu D, Huang J, Hu D, Chen J, Cao J, Li J, Gu D. Prevalence and risk factors of 326 
prehypertension among Chinese adults. J Cardiovasc Pharmacol. 2008; 52: 363-368. 327 
23. Yu D, Chen T, Qin R, Cai Y, Jiang Z, Zhao Z, Simmons D. Association between 328 
lung capacity and abnormal glucose metabolism: findings from China and Australia. 329 
Clin Endocrinol. 2016; 85: 37-45. 330 
24. Robinson-Cohen C, Littman AJ, Duncan GE, Weiss NS, Sachs MC, Ruzinski J, 331 
Kundzins J, Rock D, de Boer IH, Ikizler TA, Himmelfarb J, Kestenbaum BR. Physical 332 
activity and change in estimated GFR among persons with CKD. J Am Soc Nephrol. 333 
2014; 25: 399-406. 334 
25. Parsons TJ, Sartini C, Ash S, Lennon LT, Wannamethee SG, Lee IM, Whincup 335 
PH, Jefferis BJ. Objectively measured physical activity and kidney function in older 336 
men; a corss-sectional population-based study. Age Ageing 2017; 46: 1010-1014. 337 
26. Guo VY, Brage S, Ekelund U, Griffin SJ, Simmons RK; ADDITION-Plus study 338 
team. Objectively measured sedentary time, physical activity and kidney function in 339 
people with recently diagnosed Type 2 diabetes: a prospective cohort analysis. 340 
Diabet Med. 2016; 33: 1222-1229. 341 
 342 
 343 
 344 
 345 
 346 
 347 
 348 
 349 
 350 
                                                                                Ambulation and renal function 
15 
 
Table 1 IPAQ questions on physical activity grouped by activity intensity  351 
 352 
IPAQ items By intensity 
For heavy physical activity at work Vigorous 
For moderate physical activity at work Moderate 
For walking as part of your work Walking 
For bicycle to go from place to place Moderate 
For walking to go from place to place Walking 
For heavy physical activity in the garden or yard Vigorous 
For moderate physical activity in the garden or yard Moderate 
For moderate physical activity inside your home Moderate 
For walking during your leisure time Walking 
For heavy physical activity in your leisure time Vigorous 
For moderate physical activity in your leisure time Moderate 
IPAQ, International Physical Activity Questionnaire. 353 
 354 
 355 
 356 
 357 
 358 
 359 
 360 
 361 
 362 
 363 
 364 
 365 
 366 
 367 
 368 
 369 
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Table 2 Participant characteristics on demographics, physical activity, comorbid condition 370 
and renal function 371 
Characteristics Participants (n = 5,824) 
 Mean (SD) or n (%) 
Demographics  
 Age, year 51.7 (9.9) 
 Male, % 2,546 (43.7) 
 Weight, kg* 62.8 (12.2) 
 Height, cm* 160.2 (7.8) 
 BMI, kg/m
2
* 24.4 (4.1) 
   
Comorbidity  
 Type 2 diabetes, % 472 (8.1) 
 Hypertension, % 2,259 (38.8) 
   
Physical activity (during a normal week)   
Total MET × minutes per week 3,644 (4,934) 
MET × minutes per week by activity intensity  
 Walking 833 (1,554) 
 Moderate 2,324 (3,266) 
 Vigorous 488 (2,771) 
   
Renal function  
eGFR (in mL/min/1.73 m²)*  76.3 (16.9) 
eGFR group*  
 ≥ 90 1,117 (19.2) 
 60 - 89 3,886 (66.8) 
 30 - 59 812 (14.0) 
 < 30 6 (0.1) 
BMI, the body mass index; MET, the metabolic equivalent of task; eGFR, the estimated 372 
glomerular filtration rate; *Weight on 5,762 subjects; Height on 5,741 subjects; BMI on 373 
5,739 subjects; eGFR on 5,821 subjects. 374 
 375 
 376 
 377 
 378 
 379 
 380 
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Table 3 Physical activity in the study population, measured by MET × minutes per week and 381 
stratified by activity intensity  382 
Activity group 
(MET × minutes 
per week) 
Walking, n (%) Moderate, n (%) Vigorous, n (%) Total, n (%) 
0 2,183 (37.5) 714 (12.3) 5,274 (90.6) 370 (6.4) 
1 – 599 1,655 (28.4) 1,234 (21.2) 178 (3.1) 772 (13.3) 
≥ 600 1,986 (34.1) 3,876 (66.6) 372 (6.4) 4,682 (80.4) 
MET, the metabolic equivalent of task.  383 
 384 
 385 
 386 
 387 
 388 
 389 
 390 
 391 
 392 
 393 
 394 
 395 
 396 
 397 
 398 
 399 
 400 
 401 
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Table 4 The relationship of total and intensity-stratified physical activity with eGFR in 402 
separate models 403 
 404 
Independent variable Regression coefficients (95% CI) p value 
Model 1, total activity 0.00008 (0.000004, 0.00015) 0.039 
Model 2, walking-related activity 0.0012 (0.0010, 0.0015) < 0.0001 
Model 3, moderate-related activity 0.00002 (-0.00009, 0.00013) 0.72 
Model 4, vigorous-related activity -0.00008 (-0.00022, 0.00005) 0.22 
eGFR, the estimated glomerular filtration rate; CI, confidence interval; Robust regression 405 
analysis: Dependent variable, eGFR; Adjusted for age, gender, BMI, type 2 diabetes and 406 
hypertension; Participants in the model n = 5,736. 407 
 408 
 409 
 410 
 411 
 412 
 413 
 414 
 415 
 416 
 417 
 418 
 419 
 420 
 421 
 422 
 423 
 424 
 425 
 426 
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Table 5 The relationship between intensity-stratified physical activity and eGFR within one 427 
model 428 
Independent variable Regression coefficients (95% CI) p value 
Walking-related activity 0.0013 (0.0010, 0.0015) < 0.0001 
Moderate-related activity -0.00007 (-0.00018, 0.00005) 0.24 
Vigorous-related activity -0.00012 (-0.00025, 0.00002) 0.09 
Age  -0.60 (-0.64, -0.56) < 0.0001 
Male 6.32 (5.57, 7.08) < 0.0001 
BMI -0.31 (-0.41, -0.22) < 0.0001 
Type 2 diabetes -3.05 (-1.67, -4.43) < 0.0001 
Hypertension -0.54 (-1.37, 0.28) 0.20 
eGFR, the estimated glomerular filtration rate; CI, confidence interval; Robust regression 429 
analysis: Dependent variable, eGFR; Participants in the model n = 5,736. 430 
 431 
 432 
 433 
 434 
 435 
 436 
 437 
 438 
 439 
 440 
 441 
 442 
 443 
 444 
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Table 6 The association of walking with healthy kidney function  445 
 Healthy kidney function 
Independent variable OR (95% CI) 
Walking 2.23 (1.91, 2.60) 
Age 0.96 (0.95, 0.96) 
Male 1.48 (1.29, 1.70) 
BMI 0.96 (0.94, 0.98) 
Type 2 diabetes 0.60 (0.47, 0.67) 
Hypertension 0.87 (0.74, 1.02) 
eGFR, the estimated glomerular filtration rate; OR, odds ratio; CI, confidence interval; 446 
Logistic regression analysis: Dependent variable, healthy kidney function (eGFR ≥ 90 447 
mL/min/1.73 m²  vs. < 90); Participants in the model n = 5,736. 448 
 449 
 450 
 451 
 452 
 453 
 454 
